Azo dyes, which are highly toxic, carcinogenic, and mutagenic for living organisms, are used as coloring chemicals in textile industries. Physicochemical methods used for removing azo dyes are expensive, can generate secondary waste, and are not very efficient. In this study, we used a biological approach to reduce the toxicity of three azo dyes, i.e., congo red, methyl orange, and reactive red 198, from textile effluents. Six dye-decolorizing bacteria were screened from waste water obtained from the textile industry (in the dyeing process) at a concentration 100 mg/l for each azo dye. Using a 16S rRNA approach, the bacteria were identified and assigned as Enterococcus faecalis VTK04, Staphylococcus aureus VTK013, Pseudomonas aeruginosa VTK018, Proteus mirabilis VTK024, Bacillus cereus VTK035, and Enterococcus faecium VTK054. These bacteria were tested for their ability to produce biofilms on the abiotic surface. The adherence assay showed that VTK013, VTK054, and VTK024 had a potential to form stable biofilms on abiotic surfaces (OD570 = 1.37). Moreover, the dye decolorization potential was spectrophotometrically measured after seven days with and without a carbon substrate. The results demonstrated that the absence of the carbon source had a negative impact on decolorization, whereas a carbon-supplemented medium showed a considerable increase in the decolorization of congo red (80% and 96% by VTK013 and VTK018, respectively), methyl orange (100% and 75% by VTK054 and VTK035, respectively), and reactive red 198 (90% and 86% by VTK04 and VTK024, respectively). The phytotoxicity study of the treated dye solutions showed lesser toxicity compared to the untreated dye solution. These results support the possibility of using bacterial isolates for the biodegradation of azo dye effluents.
Introduction
Usually, artificial dyes are recalcitrant elements that form the primary constituents identified in particular effluents such as fabrics, papers, food, beauty products, and pharmaceutics industries (Jha et al., 2016) . These types of coloring agents are polyaromatic molecules that provide a permanent color to textile materials. Over 100,000 industrial synthetic chemical dyes of various classes have been generated globally, of which 60!70% belong to azo dyes, and their yearly production is 7 × 10 5 metric tons (Karim et al., 2018) . Phytotoxicity investigations demonstrated that most fabric dyes are not hazardous; however, a small fraction of dye in the drinking water supply (5-60 mg/l) is clearly noticeable and has an impact on taste, odor, transparency, and gas mixability in water bodies (Karim et al., 2018; Neoh et al., 2015) . However, their persistency and long-time exposure might lead to severe and undesirable outcomes such as mutagenic deterioration and carcinogenicity in living biota (Celebi et al., 2013; Mnif et al., 2016a; Vats and Mishra, 2017) . For certain coloring operations, as much as 10-15% of the dyes used never affix to a fabric and are usually released in wastewater. The resulting colored refuse water generates a significant water toxicity issue/problem because of the color content and its hazardous components (Karim et al., 2018) . Among all the synthetic chemical dyes, azo dyes contain a significant amount of synthetic organic colorants that are extensively applied (60-70%) owing to the various types of colour tones they offer, lesser fa-374 ding, better binding with fabric material, and reduced energy usage (Chaieb et al., 2016) . Azo dyes are organic compounds that contain a number of colouring azo functional groups (R1-N = N-R2) and aromatic rings, which were simply substituted by sulfonate groupings. These dyes are considered to be electron-deficient xenobiotic substances because they contain electron-withdrawing groups that produce electron insufficiency in the chemicals, which makes them resistant to degradation (Liu et al., 2013) . However, because of water pollution-related legislation Water Act 1974 and Water Cess Act (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) , several restraints are being placed on dye release in industrial wastewaters/effluents because of concerns related to environment and human health. Such legislations have forced industries to remove colouring chemicals from their effluents before they are released into water systems (Iqbal and Asgher, 2013) . Several physicochemical methods, such as photocatalysis, ozonation, electrochemical oxidation process, adsorption via activated carbon, coagulation/flocculation, membrane filtration, and precipitation, are usually used for treating textile wastewater but these strategies are expensive and are producing considerable amount of sludge, which has to then be removed safely (Karim et al., 2018) . Biological methods (such as microbial decolorization, microbial degradation, adsorption by (living or dead) microbial biomass, enzymatic degradation, and bioremediation) available for the biodegradation of dyes have been reported to yield better results compared to physicochemical methods. The biodegradation of dyes is effective and promising for the mineralization and detoxification of azo dyes. Note that biodegradation associated with azo dyes may take place either aerobically, anaerobically, or even by a combination of both methods. Previously, studies have reported the effectiveness of bac- (Ma et al., 2017; Paz et al., 2017) . This study targeted the separation and recognition of microbial strains that are effective for decolori-zing commonly used azo dyes in textile industrial sectors of Baddi, Himachal Pradesh (India). Moreover, the phytotoxic effect of decolorized dye solution was evaluated on chick pea and wheat seeds.
Material and methods

Media and chemicals
Congo red, methyl orange, and reactive red 198 azo dyes were purchased from Sigma-Aldrich Co. and used for bio-decolorization analyses. The other chemicals and microbial media utilized in the study were of analytical grade and the highest purity. All chemicals were acquired from Sigma-Aldrich, USA, and Hi-Media, India.
Culture medium
Bushnell and Haas medium (BH) containing 0.2 g/l of MgSO 4 , 1.0 g/l of K 2 HPO 4 , 0.02 g/l of CaCl 2 , 0.05 g/l of FeCl 3 , and 1.0 g/l of NH 4 NO 3 supplemented with or without glucose (0.4% w/v) and yeast extract (0.05% w/v) was used for all experiments. The final pH of the medium was adjusted to 7.2.
Isolation and screening of bacterial isolates for dye decolourization
Bacterial isolation was performed using wastewater collected from a textile industry plant located in Baddi, Himachal Pradesh, India (30E56N39.4ON 76E49N10.6OE). The isolated bacterial cultures were screened for the highest dye decolorizing potential. Wastewater samples (10 ml) were added to 100 ml BH broth supplemented with 100 mg/l respective dye (methyl orange, reactive red 198, or Congo red) in 250 ml Erlenmeyer flasks. The mixtures were incubated at 37EC for 48 h at 150 rpm in a shaking incubator for proper agitation and aeration. After incubation, 1 ml of each bacterial culture was transferred into a fresh dye-enriched media until dye decolorization occurred. Then, 1 μl of bacterial culture from the final treatment was serially diluted (10 !6 ) and 100 μl was spread on BH agar plates containing 100 mg/l of the respective dye. Morphologically distinct and prominent colonies with dye decolorization potential were identified and purified through repeated streaking on the same medium. The most potent dye decolorizing isolates were designated as VTK013, VTK018 for congo red; VTK035, VTK054 for methyl orange; and VTK04, VTK024 for reactive red 198.
Identification of bacterial species
All six bacterial isolates (VTK013, VTK018, VTK035, VTK054, VTK04, and VTK024) were identified using microscopic (colony shape, color, margin, elevation, gram staining, and spore staining) and 16s rRNA gene sequencing methods. The bacterial isolates were characterized through 16S rDNA sequencing and phyletic analysis. The universal bacterial primers 534r (5N!ATTA CCGCGGCTGCTGG!3N) and U1517R (5N!ACGGCTAC CTTGTTACGACTT!5N) were used for 16S rDNA amplification using PCR conditions as described previously (Srinivasan et al., 2015) . ProbeBase online software and BLAST (Genbank database) were used to verify the specificity of the primers. For a multiple sequence alignment (MSA) analysis of sequences, MUSCLE alignment algorithm was applied (Karnwal, 2017a) . Both phylogenetic analysis and tree creation were performed using PhyML (Dereeper et al., 2008) . The isolates were tested for various biochemical assays (motility, starch hydrolysis, citrate utilization, oxidation potential, casein hydrolysis, urease production, catalase activity, gelatinase production, indole production, siderophore production, H 2 S production, and various sugar utilization) as reported in Bergey's Manual of Systematic Bacteriology (Krieg and Holt, 1984) .
Biofilm production by adherence assay
The biofilm production assay for VTK04, VTK013, VTK018, VTK024, VTK035, and VTK054 strains was performed in 96-well microtitre plates using a previously reported method by Chaieb et al. (2016) . All bacterial isolates were grown in a BH medium enriched with 2% (w/v) glucose for 24 h at 37EC. Then, an aliquot of 200 μl of bacterial suspension per well was dispensed into a 96-well flat bottom microplate and incubated at 37EC for 24 h. After incubation, the bacterial suspensions from all plates were removed by washing three times with phosphate buffer, followed by drying at room temperature. The bacterial adherence on the wells of microtitre plate was achieved by treatment with 95% ethanol. These wells were stained with a crystal violet solution (1% w/v). After 6 min of staining, the wells of microtitre plates were washed three times with sterile distilled water to remove the excess amount of dye from wells and air dried at room temperature for 2 h. The optical density for stained wells was recorded using an automated ELISA reader at 570 nm. The bacteria ad-herence as biofilm formation was measured as described by Chaieb et al. (2016) to be highly positive (OD570 $ 1), low-grade positive (0.1 # OD570 < 1), or negative (OD570 < 0.1).
Azo dye decolorization assay with respective dye decolorizing bacterial isolates
The dye (color) removal assay was performed in 250 ml Erlenmeyer flasks containing 50 ml of pre-sterilized Bushnell and Haas medium with or without co-substrate (0.4% w/v Glucose and 0.05% w/v yeast extract), which was supplemented with respective azo dye to a maximum strength (100 mg/l) and 10% (v/v) respective bacterial inoculum (1 McFarland). These mixtures were incubated for 7 days at 37EC with continuous agitation at 150 rpm. Moreover, the control was maintained without bacterial inoculation. At every 24-h intervals, the culture broth was collected and centrifuged at 10 000 g for 15 min in a cooling centrifuge at 4EC. Dye decolorization was spectrophotometrically measured using UV-vis spectra of the supernatant at a corresponding wavelength of the respective dye solution (Congo red: 540 nm; Methyl orange: 463 nm; Reactive red 198: 518 nm). The standardized dye solution was prepared in BH medium with 0-100 mg/l dye concentration and stored at 4EC in dark after filtration through a 0.22-μm membrane filter. The color removal was recorded as a percentage of the decolorization using the following equation: % of dye decolorization = (initial dye strength -final dye strength) × 100 /initial dye strength
Phytotoxicity of the degraded dyes solution
An in vitro toxicity study of the dye solution before and after dye decolorization was performed as described by Chaieb et al. (2016) using chick pea (Cicer arietinum) and wheat (Triticum aestivum) seeds (10 seeds of each plate). During the in vitro study, 2 ml of initial (dye) and decolorized (100 mg/l) solution was added to the seeds. BH medium without dye and bacteria was used as a control. After 10 days of incubation at room temperature, the plant growth parameters such as percentage of seed germination, radicle length, and plumule length were measured.
Statistical analysis
The differences of plant growth parameters under different treatments were analyzed using Friedman's test, followed by the Wilcoxon signed-rank test. P values of < 0.05 were considered to be significant.
Results and discussion
Isolation and screening of bacterial isolates for dye decolorization
Depending on the dyeing activities (stock dyeing, top dyeing, yarn dyeing, piece dyeing, dope dyeing, garment dyeing, beck, jig, pad, and jet dyeing), the textile industry refuse contains an array of different levels of various chemical dyes (Miranda Rde et al., 2013) . Therefore, the microbial cultures that can be used for eliminating dyes coming from these types of effluents should have the ability to neutralize varied quantities of chemical dyes (Khandare and Govindwar, 2015; Miranda Rde et al., 2013; Muhammad Nasir Iqbal and Asgher, 2013) . In this study, a total of 86 morphologically distinct bacterial colonies were isolated from a wastewater sample collected from the textile colouring industry. Out of these 86 isolates, 62 various bacterial strains showed dye decolorization ability on BH medium supplemented with variable concentrations of different dyes (congo red, methyl orange, and reactive red 198). The presence of microorganisms in the textile dye effluents indicates their natural adaptation and survival abilities in the presence of toxic dyes (Haq et al., 2018) . On BH plates, all 62 isolates generated decolorization zones around their colonies but only six isolates had maximum zones of dye colour removal in the plate assay (from 40 to 56 mm). These six isolates were designated as VTK013, VTK018 for congo red; VTK035, VTK054 for methyl orange; and VTK04, VTK024 for reactive red 198. All six bacterial isolates were characterized as described in Bergey's Manual of Systematic Bacteriology using microscopic and biochemical assays (Krieg and Holt, 1984) .
Colony and biochemical characteristics
Bacteria grow fast when supplied with an abundance of nutrients. Different types of bacteria will produce different-looking colonies, some colonies may be colored, some are circular in shape, and others are irregular. The characteristics of a colony (such as shape, size, and pigmentation) are termed the colony morphology. The morphology (shape, color, elevation, and margin) of the six isolated bacterial strains is listed in Table 1 . The shape of all six bacterial colonies varied from irregular to circular. As shown in Table 1 , the colony margin varied between all bacterial isolates. The color of VTK024, VTK035 was pale yellow; that of VTK018, VTK054, VTK013 was whitish; and that of VTK04 was light orange.
Various staining methods (gram staining and spore staining) were applied to observe the morphological characteristics of the bacterial isolates. The VTK013, VTK04, VTK054, and VTK035 isolates were Gram positive, whereas the remaining two strains (VTK018 and VTK024) were Gram negative and rod-shaped. The results of the microscopic and biochemical assay (such as motility, starch hydrolysis, citrate utilization, oxidation potential, casein hydrolysis, urease production, catalase activity, gelatinase production, indole production, siderophore production, H 2 S production, and various sugar utilization) of all isolates are listed in Table 2 .
Identification of bacterial species
Molecular characterizations of all the six isolates were performed using 16S rDNA sequencing (Karnwal, 2017b) . As described previously, universal 16S rDNA bacterial primers 534r (5N!ATTACCGCGGCTGCTG G!3N) and U1517R (5N!ACGGCTACCTTGTTACGACTT!3N) were used for 16S rDNA amplification under PCR conditions (Srinivasan et al., 2015) . 16S rRNA sequences of all isolates were searched online using BLAST to identify the isolates. The BLAST search of the 16S rRNA sequences of VTK04, VTK013, VTK018, VTK024, VTK035, and VTK054 isolates showed maximum sequence similarity with Enterococcus faecalis (98%, genbank ID: NR_114782.1), Staphylococcus aureus (97%, genbank ID: NR_113956.1), Pseudomonas aeruginosa (98%, genbank ID: NR_026078.1), Proteus mirabilis (97%, genbank ID: NR_043997.1), Bacillus cereus (96%, genbank ID: NR_074540.1), and Enterococcus faecium (95%, genbank ID: NR_114742.1), respectively. The MUSCLE alignment algorithm was applied for a multiple sequence alignment (MSA) analysis between sequences collected from BLAST. On the basis of the MSA results, for phylogenetic analysis, the MEGA X software (Kimura 2-parameter substitution model and neighbor-joining statistical method) was applied for computing the evolutionary distance of the stress tolerant strains. The phylogenetic dendograms of the isolates are shown in Figure 1 . 
The ability to produce biofilm of tested isolates using adherence assay A biofilm is an assemblage of microbial cells that are irreversibly associated (not removed by gentle rinsing) with a surface and enclosed in a matrix of primarily polysaccharide material (Belouhova et al., 2014) . Microorganisms attach to surfaces and develop biofilms, and biofilm-associated cells can be distinguished from their suspended counterparts because of their generation of an extracellular polymeric substance (EPS) matrix, reduced growth rates, and the up-and down-regulation of specific genes (Cerron et al., 2015) . Biofilms may form on a wide variety of surfaces such as living tissues, indwelling medical devices, industrial or potable water system piping, or natural aquatic systems. The selection of the most appropriate method for textile azo dye decolorization is based on advantages in terms of economy, practicality, and efficiency. Biofilm processes degrade pollutants (such as dye, oil, or waste water) to a higher extent compared to active sludge treatment. They have better resistance to fluctuations in loads, starvation periods, and washouts (Chandran and Das, 2011) . In the previous investigation (Belouhova et al., 2014) , the bacteria from genus Pseudomonas played an important role in the adaptation of biofilms for the biodegradation of azo dyes. This study focused on increasing the potential of tested isolates to generate stable bonding with the abiotic surface in the form of a biofilm (Rajendran et al., 2015) . A bacterial adherence study on the abiotic surface was investigated using 96-well microtitre polystyrene plates, as reported by Chaieb et al. (2016) . The results confirmed that VTK013, VTK054, and VTK024 have the potential to form stable biofilms on abiotic surfaces (OD570 = 1.37, 2.38 and 1.52 respectively). The VTK035 and VTK018 isolated showed a lower adherence potential (OD570 = 0.41 and 0.38, respectively) compared to VTK04 (OD570 = 0.87). Anjaneya et al. (2013) reported that bacterial biofilms are more efficient in docolorizing Amaranth dye at three different dye concentrations (200, 400, and 600 mg/l). Wong and Yuen (1996) reported that the strains of Klebsiella pneumoniae RS-13 and Acetobacter liquefaciens S-1 have the ability to decolorize the azo dye methyl red as well as its possible suitability for treating azo dye-containing textile effluents. The aerobicanaerobic decolorization and degradation of red HE7B in the textile effluent was achieved using Pseudomonas desmolyticum (Cariell et al., 1995; Ogawa and Yatome, 1990 ). Zissi et al. (1997) reported that Bacillus subtilis could be used to degrade a specific azo dye, i.e., paminobenzene. Coughlin et al. (1999) reported that the Sphingomonas sp., strain 1CX had the ability to decolorize 20 mg/l orange II, acid orange 8 and 10, acid red 4, and acid red dyes.
Dye decolorization assay
The wastewater from the textile industry contains a large amount of coloring chemicals (Yuan et al., 2016) . In this study, bacterial strains were examined for dye decolorization potential using three textile azo dyes (congo red, methyl orange, and reactive red 198). Selected bacterial isolates showed a variable dye color removal potential at 100 mg/l concentration of the respec- tive dyes. The variable rate of color removal with experimental azo dyes demonstrated that the rate of reduction considerably differed between dye/organism combination (Chauhan et al., 2017; Nisar et al., 2017) , indicating the unique reduction potential of the bacteria as well as a different susceptibility of dyes towards reductases (Karim et al., 2018) . Previously, studies (Neoh et al., 2015; Skariyachan et al., 2016; Vats and Mishra, 2017) reported that the efficiency of dye decolorization was affected by availability, survival potential, acclimatization, and efficacy of biocatalysts synthesized by microorganisms. In our experiments, the bacteria grown on BH medium (magnesium sulphate (0.200 g/l); calcium chloride (0.020 g/l); monopotassium phosphate (1.0 g/l); dipotassium phosphate (1.0 g/l); ammonium nitrate (1.0 g/l); ferric chloride (0.05 g/l); and agar (20.0 g/l), pH 7.0) supplemented with carbon and nitrogen substrates (glucose and yeast extract) showed considerable decolorization of azo dyes (congo red: 80-96%; methyl orange: 75-100%, and reactive red 198: 88-90%; Fig. 2,  Fig. 3, and Fig. 4) . The BH medium devoid of any carbon substrate does not support decolorization, which indicated a complete dependence of bacteria on carbon and nitrogen sources for inducing dye decolorization (Karim et al., 2018) . Note that azo dyes are deficient in carbon sources, and the microbial degradation of dyes without any supplement of carbon or nitrogen sources is very difficult (Bilal and Asgher, 2015; Vats and Mishra, 2017) ; therefore, a carbon source is necessary for obtaining good decolorization results. The results of the present study showed that a medium composition plays a critical role in dye decolorization. Furthermore, the availability of an electron donor in the culture medium is a critical component for reducing azo dyes by bacteria (Mnif et . Many studies have confirmed that glucose and yeast extract can work as electron donors for dye degrading enzymes and enhance the dye degradation process (Bilal and Asgher, 2015) . The decolorization of congo red at a concentration of 100 mg/l by VTK013 and VTK018 isolates was recorded at 80% and 96%, respectively, after 8 days of incubation (Fig. 2) . Furthermore, the dye decolorization by the VTK013 isolate reached 34% after three days of incubation and stabilized at the 4 th day of incubation. On the 5 th day, an increase in the decolorization potential of VTK013 was observed from 37% to 67%. The VTK018 results show a variation in dye decolorization after the first to seventh day of incubation. Furthermore, after one day of incubation, the decolorization was recorded with an efficiency of 44%. Moreover, we observed efficient decolourization on the 4 th , 5 th , and 6 th day. Finally, on the 8 th day, maximum decolorization (with 96% efficiency) was noted for congo red, as shown in Figure 2 . Figure 3 shows the decolorization of methyl orange at a concentration of 100 mg/l by selected bacterial isolates. On the first day, no de-colorization by the isolates VTK054 and VTK035 was observed. However, with the increase in the incubation time, a significant decolorization of methyl orange was noted for both bacterial isolates. After five days of incubation, the bacterial isolate VTK054 showed the highest dye decolorization with 100% efficiency. Initially, on the 2 nd day and 5 th day, the decolorization efficiency for VTK054 increased from 76% to 84% and reached 100% on the 6 th day under controlled conditions. The isolate VTK035 showed the maximum dye decolorization of 75% after seven days of incubation. Moreover, the dye decolorization after one day of incubation for methyl orange with VTK053 was recorded as 33% and reached 61% on the 6 th day of the experiment. A small drop in the decolorization efficiency was observed on the 7 th day with 59% with VTK035 isolate, as shown in Figure 3 . In this study, maximum decolourization (90%) for reactive red 198 was observed for the VTK04 bacterial isolate on the 7 th day of incubation. As shown in Figure 4 , a sharp increase from 53% to 77% was observed for the VTK04 dye decolorization efficiency after the 2 nd day of incubation. A small decreased in dye decolorization efficiency was recorded for VTK04 on the 8 th day from 90% to 88%. However, as shown in Figure 4 , the isolate VTK024 presented 90% dye decolorization on the 8 th day of incubation. Finally, on the 3 rd day, decolorization was recorded with 50% efficiency, which then changed to 86% on the 6 th day of experiment for VTK024. The divergence in the decolorization efficiency was caused by the variation in the selectivity of bacterial isolates; the composition and complexity of chemical dyes, specifically relating to the type; and the placement of substituents (para and ortho) in the aromatic rings and the interaction with R!N=N!R bond as mentioned by various researchers (Chaieb et al., 2016; Jha et al., 2016; Mnif et al., 2016) . A majority of the bacteriological genera, i.e., Enterococcus, Staphylococcus, Pseudomonas, Proteus, and Bacillus, which were tested in this study, have been published earlier (Chaieb et al., 2016; Neifar et al., 2016) . Many researchers (Karim et al., 2018; Wan et al., 2017) reported the presence of Bacillus and Enterococcus genus as dye decolorizing organisms on a regular basis in wastewater effluents.
The potential of Proteus sp. such as Proteus vulgaris NCIM 2027 as a dye-decolorizing agent for textile dye degradation has been investigated previously (Saratale et al., 2011) . These studies revealed the occurrence of different microbial genera, which were characterized as 
Phytotoxicity study results
For environment sustainability and reusability in agricultural practice, it is necessary to study the toxic nature of decolorized solutions (Chen et al., 2018) . In this study, after seven days of dye decolorization experi-ments, a toxicity study for all six decolorized dye solutions before and after dye decolorization was performed, as described by Chaieb et al. (2016) . The results of the phytotoxicity study are shown in Table 3 . Fresh BH medium without any dye (positive control) did not show any negative effect on the germination of seeds (chick pea and wheat) and both seeds reached 100% germination in the in vitro study. In the phytotoxic studies, a similar effect on the percentage of germination of both crop seeds was observed with a decolorized dye solution. A decolourized dye solution showed a positive impact on the root and shoot growth compared to the non-decolorized dye solution for both crop seeds. A decolorized dye solution of VTK013, VTK018, and VTK04 strains increased chickpea shoot growth to > 52% over the nondecolorized dye medium. A higher shoot growth in chick-pea seeds was observed with the decolorized dye solution of VTK035 (60%) and VTK054 (65%) over non-decolorized dye medium (Table 3) . In this study, a positive impact of a dye-decolorized medium on wheat shoot growth was recorded. Note that, after seven days of incubation with a bacterial solution, a decolorized medium promoted/induced better wheat shoot growth, which ranged from 43% to 62%, compared to when using a non-decolorized medium, as shown in Table 3 . An earlier study (Telke et al. 2010 ) demonstrated that Su-EBT solutions containing azo dyes biodegraded by Pseudomonas sp. decreased the dye toxicity on the growth of great millet (Sorghum bicolor ), mung bean (Vigna radiata ), lentil (Lens culinaris ), and rice (Oryza sativa ) plants. In this study, the effect of non-decolorized and decolorized dye media on chickpea and wheat seeds was tested. The VTK035 isolate increased chick pea root growth to 36% over the non-treated dye medium. While VTK054, VTK04, and VTK024 showed improved root growth from 41% to 49%, compared to the VTK035-decolorized and non-treated dye medium. The maximum root growth (28%) for wheat was observed with the VTK024 bacterial isolate. A similar observation was performed for VTK04-and VTK018-based dye-decolorized medium, in which the root growth was recorded as 66% and 62%, respectively. Moreover, there was an increase in the root growth compared with that observed for a non-decolorized medium, as shown in Table 3 . Saratale et al. (2015) reported the non-toxic nature of a decolorized dye solution on sorghum and black gram. Furthermore, the results of Wilcoxon signed-rank test demonstrated a statistically considerable variation in the plumule and radicle growth between the treated crop seeds (P < 0.05) and control seeds (Table 3) .
Conclusions
Pollution in any form is highly dangerous for the sustainability of the environment. Effluents from textile dyeing industries have created an alarming situation for both aquatic and terrestrial life. Environmental sustainability depends on the remediation of textile effluents through physical, chemical, or biological processes. In this study, the screening of dye-decolorizing bacteria isolates from textile effluents and their dye decolorization efficiency on three azo dyes was investigated. The results demonstrated the support of the biological re-mediation of azo dyes and made it a cost-effective process for the decolorization of textile dye effluents. The results of our study clearly demonstrate that bacterial isolates did not use azo dyes as carbon sources, whereas glucose and yeast extract supplemented into media were used by bacterial isolates. The treated dye effluents were tested for phytotoxic properties to determine the possibility of reusing them for agricultural irrigation purposes. The results of the phytotoxic study demonstrated that the remediated effluent showed a non-toxic effect on chickpea and wheat seeds as well as their germination. However, the detoxification mechanism must be improved further to enhance the use of the remediated effluents with other plants in field.
